We present spectroscopic and photometric data of the Type Ibn supernova (SN) 2014av, discovered by the Xingming Observatory Sky Survey. Stringent pre-discovery detection limits indicate that the object was detected for the first time about 4 days after the explosion. A prompt follow-up campaign arranged by amateur astronomers allowed us to monitor the rising phase (lasting 10.6 days) and to accurately estimate the epoch of the maximum light, on 2014 April 23 (JD = 2456771.1 ± 1.2). The absolute magnitude of the SN at the maximum light is M R = −19.76 ± 0.16. The post-peak light curve shows an initial fast decline lasting about 3 weeks, and is followed by a slower decline in all bands until the end of the monitoring campaign. The spectra are initially characterized by a hot continuum. Later on, the temperature declines and a number of lines become prominent mostly in emission. In particular, later spectra are dominated by strong and narrow emission features of He I typical of Type Ibn supernovae (SNe), although there is a clear signature of lines from heavier elements (in particular O I, Mg II and Ca II). A forest of relatively narrow Fe II lines is also detected showing P-Cygni profiles, with the absorption component blue-shifted by about 1200 km s −1 . Another spectral feature often observed in interacting SNe, a strong blue pseudo-continuum, is seen in our latest spectra of SN 2014av. We discuss in this paper the physical parameters of SN 2014av in the context of the Type Ibn supernova variety.
along with broader lines of α-elements similar to those observed in canonical Type Ib/c SNe (Pastorello et al. 2008a ). The progenitors of SNe Ibn are thought to be hydrogenpoor Wolf-Rayet stars that have experienced major mass loss events shortly before the terminal SN explosions. A pre-SN outburst was directly observed in the case of the prototypical SN 2006jc (Pastorello et al. 2007; Foley et al. 2007 ). The variety of observed properties characterizing this SN family has been discussed by Turatto & Pastorello (2014) , and several publications have been already devoted to this subject.
1 However, although the number of Type Ibn SN discoveries is growing, very few objects boast well-sampled data sets, and only occasionally they were observed at early stages.
A rare opportunity to study a SN Ibn at very early phases has been provided with the discovery of a transient in the spiral galaxy UGC 4713, originally labelled as PSN J09002002+5229280, and later named with the IAU designation SN 2014av (Xu & Gao 2014) .
The new SN was discovered on 2014 April 19.72 UT (hereafter UT will be used along this paper), in the course of the Xingming Observatory Sky Survey (XOSS) 2 , at a magnitude of about 16.2 (Xu & Gao 2014) . The earliest pre-discovery detection of the transient was registered on April 16.84 UT 3 on images of the Italian Supernovae Search Project (ISSP) 4 . Negative detections of the SN on images of UGC 4713 have been reported by the XOSS on March 26, 2014 and by the ISSP on April 6, 2014. These amateur observations allowed us to constrain the explosion epoch with a very little uncertainty to April 13, 2014 (see Section 2). The new SN exploded about 2".7 West and 11".2 South of the core of the host galaxy (see Figure 1) , which is classified as Sb Type galaxy (from Hyperleda 5 , Paturel et al. 2003) . UGC 4713 has a recessional velocity corrected for Local Group infall into Virgo vV ir = 9225 ± 12 km s −1 (Mould et al. 2000 , from the NASA/IPAC Extragalactic Database; NED 6 ). Adopting a value for the Hubble Constant H0 = 73 km s −1 Mpc −1 and a standard cosmology (ΩM = 0.27 and Ω λ = 0.73), we obtain a luminosity distance d = 129 ± 9 Mpc (hence, a distance modulus µ = 35.56 ± 0.15 mag). The Galactic extinction due to interstellar dust in the direction of SN 2014av is AB = 0.062 mag (Schlafly & Finkbeiner 2011) , and there are no spectroscopic signatures of additional reddening contribution in the host galaxy (cfr. Section 3). Zhang & Wang (2014) , on the basis of the blue spectral continuum and a presence of relatively narrow He I lines, classified SN 2014av as a young Type Ibn SN similar to SN 2006jc. The young age of the SN and the rar-1 A comprehensive list of publications on Type Ibn SNe includes Matheson et al. (2000) , Mattila et al. (2008) , Smith et al. (2008) , Immler et al. (2008) , Di Carlo et al. (2008) , Nozawa et al. (2008) , Tominaga et al. (2008) , Anupama et al. (2009) , Sakon et al. (2009) , Chugai (2009) , , Sanders et al. (2013) , Modjaz et al. (2014) , Bianco et al. (2014) , Gorbikov et al. (2014) , Pastorello et al. (2008a Pastorello et al. ( ,b, 2015a ity of Type Ibn events ( 2 per cent of core-collapse SNe, Pastorello et al. 2015a ) motivated our team to initiate a monitoring campaign of this new member of the family. Photometric and spectroscopic observations of SN 2014av are presented in Sections 2 and 3, respectively; a bolometric light curve and an estimate of the explosion parameters are given in Section 4. An extensive characterization of spectral properties of SNe Ibn is provided in Section 5. The properties of the progeniors of SNe Ibn are illustrated in Section 6 and a summary follows in Section 7.
PHOTOMETRIC OBSERVATIONS
Our multi-band (Johnson-Cousins U BV RI and Sloan griz) photometric follow-up campaign started when the object had already reached the maximum light, and continued up to phase ∼70 days after discovery, until the object became unobservable because it was in solar conjunction. The instruments used in our photometric campaign are the 3.58-m Telescopio Nazionale Galileo (TNG) equipped with Dolores, the 2.56-m Nordic Optical Telescope (NOT) with ALFOSC and the 2.0-m Liverpool Telescope with IO:O, all located at Roque de los Muchachos Observatory, La Palma, Canary Islands (Spain); the 1.82-m Copernico Telescope of Mt. Ekar, Asiago (Italy) equipped with AFOSC. In order to sample the early-time SN evolution, we included in our dataset unfiltered observations from amateur astronomers. The instruments used are listed as a footnote in the SN photometry tables. These additional data, essential to constrain the rising branch of the light curve and the peak luminosity, were scaled to V or R-band (and similarly to Sloan g or r-band) photometry, depending on the approximate wavelength of the peak of the quantum efficiency curves of the CCDs used in the observations. Figure 2 . U BV RI (left) and griz (right) light curves of SN 2014av. The closest pre-discovery limits are also shown. Data from unfiltered images are rescaled to Johnson-Cousins V or R (vegamag), and Sloan g or r (ABmag), depending on the wavelength of the peak of the quantum efficiency curves of the CCDs used for the observations, as specified in the text.
All frames were pre-processed using standard procedures in IRAF. We corrected the frames for bias, overscan and flat-fielding, and they were finally astrometrically calibrated. For photometric measurements, we used the dedicated pipeline SNOoPY (Cappellaro 2014) . This pipeline consists of a collection of PYTHON scripts calling standard IRAF tasks, and other data analysis tools such as SEXTRACTOR for source extraction and classification, DAOPHOT for point spread function (PSF) fitting, and HOTPANTS 7 for PSF matching and image subtraction. PSF-fitting photometry provided reliable results in the highquality, high signal-to-noise (S/N) filtered images from pro-7 http://www.astro.washington.edu/users/becker/v2.0/hotpants.html fessional telescopes, whilst this measurement method provided inaccurate results in lower S/N unfiltered images from amateur astronomers. For the latter epochs, we employed the template subtraction method to remove the contaminating flux from the host galaxy background. Good-quality pre-explosion images of UGC 4713 were used as templates. These images were available after the routine monitoring observations of UGC 4713 obtained in the course of the XOSS and ISSP SN searches.
Once instrumental magnitudes of the SN and a number of stellar sources in the SN vicinity were obtained, we accurately calibrated the Johnson-Cousins magnitudes of a sequence of local standards in the field. To this aim, we selected observations obtained during a few photometric nights in which standard photometric fields from the cat- (1992) were also observed. These observations allowed us to obtain the zero-points and colour terms for each night and each specific instrumental set-up. The resulting calibrated magnitudes of the sequence stars in the SN field were derived by averaging the measures obtained during these selected nights (see Figure 1 and Table 1 ). This allowed us to correct the zero-points estimated in non photometric nights and accurately calibrate the SN magnitudes. Sloan-band photometry was directly calibrated using the SDSS DR10 catalogue. The final Johnson-Cousins and Sloan magnitudes of the SN are reported in Table 2 and Table 3, respectively, and the resulting light curves are shown in Figure 2 . Thanks to the data collected by amateur astronomers, we were able to monitor the light curve rising phase, hence to provide an estimate of the explosion epoch. Through a low-order polynomial fit, we found that the R-band maximum occurred on 2014 April 23.6 UT (JD = 2456771.1 ± 1.2). Fitting the earliest photometric data using a parabolic function, we estimated that the explosion occurred 10.6 days before maximum, i.e. on JD = 2456760.5, which is fully consistent with the epoch suggested by the latest non-detection on 2014 April 6.8 UT (JD = 2456754.3).
Using low-order polynomial fits, we also estimated the peak magnitude and the decline rate of SN 2014av in the different bands. As there is a clear change in the slope of the light curves of SN 2014av at ∼ 25 days after maximum, we computed the SN magnitude decline rates in two time intervals: from the peak to 25 days after maximum, and from 25 days to the latest detections. The results are reported in Table 4 . We note, in particular, that the blue-band light curves decline faster than the red-band light curves. This trend is more evident during the early decline (γ0−25 in Table 4), while at later phases there is more homogeneity in the decline rates. The decline rates in all bands during the temporal window 25-60 days (γ25−60) are much faster than those expected from the decay of 56 Co into 56 Fe. However, as we will discuss later in this paper, other indicators suggest that during the entire monitoring period, the radioactive decays are not the major powering source for the light curve of SN 2014av (see Section 4).
Additional near-infrared (NIR) photometry was obtained on 2014 May 16 (i.e. one month after the SN discovery) at the TNG, equipped with NICS. The images were reduced following standard prescriptions, including flat-field correction and sky subtraction; individual dithered images for each band were then combined to obtain a single, higher S/N frame. The observations, calibrated using the 2MASS catalogue (Skrutskie et al. 2006) , provided the following photometric measurements: J = 18.33 ± 0.06, J − H = 0.29 ± 0.07 and J − K = 0.74 ± 0.13. We can note that, at this epoch, there is no signature of a significant NIR flux excess.
Absolute light curve
SN 2014av was discovered soon after the explosion and a few days before maximum. Adopting the distance and reddening values reported in Section 1, SN 2014av reached an absolute magnitude of −19.76 ± 0.16 in the R band, then it experienced a fast decline of ∼3 magnitudes. After about 25 days post-maximum, the light curve declined with a slower rate in all bands, as mentioned in Section 2 (see Table 4 ). A flattening of the optical light curve is unusual, but not unique in late Type Ibn SNe, viz. in OGLE-2012-SN-006 (Pastorello et al. 2015c) . In order to better determine the photometric properties of SN 2014av in the context of SNe Ibn, we measured the main parameters of the R-band light curves for a wide sample of objects. In particular, we estimated (when possible) the absolute peak magnitudes, the duration of the rise phase to maximum, and the post-peak declines at three temporal windows: between maximum and +25 days (γ Table 5 . When R-band observations were incomplete to estimate the above parameters, we included measures obtained in other bands, as specified in the footnote. From a rapid inspection of the table, we note that SNe Ibn are quite luminous, most of them having absolute R-band magnitudes close to −19, or exceeding that value. Only one object, the transitional Type Ibn/IIn SN 2005la (Pastorello et al. 2008b ), appears to be significantly fainter than other SNe Ibn, although for other objects we have incomplete information to derive firm conclusions on their peak luminosity. However, despite most SNe Ibn are very luminous at maximum, the light curve shapes are widely heterogeneous.
This can be best highlighted in Figure 3 , where the absolute R-band light curve of SN 2014av is compared with those of a wide sample of SNe Ibn. We also show unpublished data of the recent SN Ibn 2014bk (Morokuma et al. 2014) , which is a relatively fast-evolving SN Ibn. Photometric data for this object are listed in Appendix A. The comparison shows that the light curves are significantly different among the objects of this family. The absolute magnitudes at peak of these SNe mainly range from -18 (iPTF13beo, Gorbikov et al. 2014 ) to -20 (SN 1999cq, Matheson et al. 2000 . Some objects (e.g. SN 2010al and OGLE-2012-SN-006) show a slow rise to maximum (up to 16 days), but other SNe Ibn experience a very fast rise to the peak ( 6 days). SN 2014av has an intermediate rise time of about 10 days. The post-peak decline is even more heterogeneous, with one object having a very fast-declining light curve after maximum (LSQ13ccw, Pastorello et al. 2015a . R-band absolute light curves of SN 2014av and a wide sample of SNe Ibn (for the sources of the data, see notes underneath Table 5 ). The most significant pre-discovery limits are also shown. For OGLE-2012-SN-006, along with the poorly sampled R-band light curve, the I-band light curve is also shown for completeness, scaled by +0.7 mag to approximately match the R-band points. For LSQ13ccw, we showed the best sampled V -band light curve. SN 2014bk, whose data are shown here for the first time, is poorly sampled in the R band. For this reason, we also report the closest detection limit of SN 2014bk and the g-band discovery magnitude announced in Morokuma et al. (2014) .
others showing double-phase light curve declines. The latter objects experience an initially fast decline, which is followed by a clear flattening at later stages. SN 2014av belong to this group, although the most extreme case is OGLE-2012-SN-006 (Pastorello et al. 2015c) , with an early decline of about 5 mag/100 d , followed by a very long phase with a very flat light curve (0.4 mag/100
d from 25 and 60 days, and 1 mag/100 d later on). As a comparison, the Rband decline rate of SN 2010al at phases > 1 month after maximum is about 3 mag/100 d , which is a factor 3 higher than the decline rate expected in a 56 Co-powered event. Finally, three objects (SN 2005la, SN 2011hw and iPTF13beo) showed a non-linear light curve decline after the first maximum, with at least one secondary luminosity peak (Pastorello et al. 2008b; Gorbikov et al. 2014; Pastorello et al. 2015b ). 
SPECTROSCOPIC OBSERVATIONS
The spectroscopic monitoring campaign of SN 2014av started ∼4 days after the SN discovery, and continued for about one month. Spectra have been collected using the Lijiang 2.4m telescope of the Yunnan Astronomical Observatory (YNAO) of the Chinese Academy of Sciences (equipped with YFOSC), the 3.58-m TNG with Dolores and the 2.56-m NOT with ALFOSC. Information on the spectroscopic observations is given in Table 6 , the sequence of spectra available for SN 2014av is shown in Figure 4 .
The earliest spectrum, obtained at maximum light (i.e. 10.6 days after the explosion), has poor S/N and modest resolution (see Table 6 ). It is characterised by a blue continuum, with superposed narrow and weak lines of He I, the most prominent being the λ5876 transition. Such line has a P-Cygni profile, whose minimum is blue-shifted by about 2100 ± 800 km s −1 . A relatively strong feature detected at about 4700Å (rest frame) is tentatively identified as He II λ4686. Another very prominent feature is detected at about Table 5 . Main light-curve parameters for our sample of Type Ibn SNe, including absolute peak magnitudes (column 5), rise-time to the R-band maximum (column 6), and decline rates at three different time intervals (columns 7 to 9). Information on the reddening is provided in the reference papers; when not available, the Milky Way component is taken from Schlafly & Finkbeiner (2011) , while the host galaxy component is obtained by measuring the equivalent width of the interstellar Na I doublet lines from the low resolution spectra available to us, adopting the low-reddening empirical relation from Turatto et al. (2003) . The slopes are measured in units of mag 100d −1 .
SN
Type 3950Å, and is tentatively identified as a blend of He I and Ca II λλ3934, 3968 (Ca II H&K).
Subsequent spectra (at phases 7.9 day to 11 day after maximum) show a remarkable evolution. A blue pseudocontinuum typical of Type Ibn SNe and other interacting events is now visible. He I lines with low-contrast P-Cygni profiles are clearly detected: λ3889, λ4026, λ4472, λ4713, λ4922, λ5016 and λ5048. The He II λ4686 feature has now disappeared. Broader absorptions are attributed to blends of Fe II (see also Figure 5 ). (marginally evolving with time), with superimposed a narrow line with vF W HM ≈ 1000 km s −1 (not resolved in the YFOSC spectra). Numerous additional bumps and individual lines are detected between 5500 and 7000Å, mostly due to Fe II lines. From these spectra there is marginal evidence for the presence of a weak Hα.
At the reddest edge of the optical spectral domain, we notice a broad emission at about 7890Å, with vF W HM ≈ 4700 km s −1 . This is likely due to Mg II λ7877 and λ7896. Another shallow bump peaks at about 8200Å, which we identify as Mg II λ8214 and λ8235. The wide red tail of this feature is possibly due to other Mg II lines (λ8735, λ8746, λ8824 and λ8835), although we cannot rule out a contribution from Ca II λλλ8498, 8542, 8662 (hereafter the NIR Ca II triplet). A further feature at about 9200Å can be due to Mg II λ9218 and Mg II λ9244.
At later epochs, the emissions become stronger, and allow us to perform a more robust line identification. Using our latest TNG spectra (phases 26.4 days and 34.3 days after maximum) we accurately identify the most prominent spectral features in Figure 5 . We still see the prominent He I lines, whose broad and narrow components have now vF W HM ≈ 2800 km s −1 and vF W HM ≈ 1200-1300 km s −1 , respectively. Now Ca II H&K and the NIR triplet are clearly discernible, with velocity of 1580 ± 230 km s −1 (as measured from the positions of the minimum of the two Ca II H&K lines). Mg II lines are still quite prominent, but at these phases, also O I features are identified: λλλ7772,7774,7775, λ8222, λ8446 (partially blended with Ca II NIR). Fe II lines with P-Cygni profiles are still detected, with average velocities of 1230 ± 120 km s −1 . From these later-epoch spectra, we also note the presence of Sc II lines. Again, we tentatively identify a weak Hα emission, though alternative identifications cannot be ruled out (see also Section 5.2). In particular, assuming that it is Hα, its FWHM would be 820 km s −1 , which is consistent with the velocity inferred for the Fe II lines, although marginally slower.
Comparison with other Type Ibn SNe
The spectra of Type Ibn SNe are characterised by the presence of prominent and relatively narrow He I features. The heterogeneity of the photometric properties of SNe Ibn has been remarked in Section 2.1. In Figure 6 , we compare a collection of spectra of SNe Ibn whose phases are approximately 4000 5000 6000 7000 8000 9000 known, including an unpublished spectrum of SN 2014bk.
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The comparison in the figure highlights the existence of some heterogeneity among SNe Ibn also in their spectral observables. First of all, the velocities of the most prominent line components range from about 700 km s −1 to a 9 In analogy with other Type Ibn SNe, this spectrum is dominated by He I lines mostly in emission, showing two components with different widths: a narrow component with a P-Cygni profile blue-shifted by 840 ± 140 km s −1 is superposed on a much broader component with v F W HM = 7860 ± 320 km s −1 . few thousands km s −1 (and these velocities may be significantly phase-dependent). The wide velocity range probably depends on the gas regions where these lines originate, e.g. in the unperturbed CSM, in a shocked shell, in the shocked or unshocked SN ejecta or a combination of different emitting regions. We will further discuss the nature of the different components of the He I lines in Section 5.1. In addition, there are clear differences in the strengths of the broad α-element lines, which are occasionally prominent (e. Section 5.3). In a few cases, narrow coronal lines were also detected in SNe Ibn (for example in SN 2011hw, Pastorello et al. 2015b) . Finally, there is heterogeneity in the spectroscopic evolution time scales among the objects of the sample, which probably depends on the geometry and the distribution of the CSM with which the SN ejecta are interacting.
QUASI-BOLOMETRIC LIGHT CURVE AND PHYSICAL PARAMETERS
In order to constrain some basic physical parameters for SN 2014av, we computed its pseudo-bolometric light curve by integrating the flux contribution of individual optical bands. For each band, we derived the flux at the effective wavelength, considering only epochs with Sloan r-band observations being available. When individual photometric points at given epochs were not available, their contribution was computed using the magnitude information in adjacent epochs. Since early-time photometry (during the rising branch and around the light curve peak) was not available in most photometric bands, the early flux contribution in the missing bands was obtained assuming an early colour evolution of SN 2014av similar to that of the Type Ibn SN 2010al (Pastorello et al. 2015b ). The fluxes provided the spectral energy distribution (SED) at the given phase. The observed fluxes were integrated with the trapezoidal rule and converted to luminosity adopting the distance and interstellar reddening estimated in Section 1. We did not account for the UV flux contribution, although it might have been significant at early phases (see, e.g., Pastorello et al. 2015b ), while we did estimate the NIR flux using the single 2014 May 16 NIR observation, under the very rough assumption of constant NIR contribution. The SED computed on May 16 is shown in Figure 7 . The pseudo-bolometric light curve of SN 2014av is shown in Figure 8 (with and without the NIR contribution), and is compared with the light curves of the Type Ibn SNe 2006jc (data are from Pastorello et al. 2007 Pastorello et al. , 2008a Foley et al. 2007; Di Carlo et al. 2008 ), 2010al (Pastorello et al. 2015b and OGLE-2012-SN-006 (Pastorello et al. 2015c ). The most significant detection limits are also shown.
We confirm the large scatter in the photometric properties of SNe Ibn, as discussed in Sect. 2.1. Although SN 2014av (accounting from the NIR contribution) has a peak magnitude comparable with that of the very luminous OGLE-2012-SN-006, and is slightly more luminous at maximum than SNe 2006jc and 2010al, its photometric evolution is very fast. It experiences a very rapid rise to the light curve peak similar to that inferred for SN 2006jc, and has a postpeak decline which is faster than any other SN in the sample. However, it clearly flattens at phases above 20-25 days, to a luminosity similar to that of SN 2006jc, but with a slope which is twice as fast as the 56 Co to 56 Fe decay rate. Assuming a modest contribution of the ejecta-CSM interaction to the observed luminosity evolution in SN 2014av, its high peak luminosity (∼ 1. Pastorello et al. 2008a; Tominaga et al. 2008) . This value for the 56 Ni mass is relatively high for a corecollapse SN, although it has already been observed in some stripped-envelope SNe which ejected several solar masses of material (e.g. the "hypernovae", Nomoto et al. 2006; Mazzali et al. 2013 ). On the other hand, it is very unlikely that SN 2014av ejected a few solar masses of material. In fact, it is well known that the evolutionary time-scale of the light curve in a non-interacting SN depends on the ejected mass to kinetic energy ratio (e.g. Arnett 1982) . As a consequence, a narrow (i.e. fast-evolving) light curve peak would probably be indicative of modest ejected masses, with a significant fraction of this material being composed by radioactive isotopes.
We note, however, that large M( 56 Ni) / Mej ratios are typical of thermonuclear explosion rather than canonical core-collapse events, and a thermonuclear explosion scenario is contradicted by other observables, including the preferential location of SNe Ibn in star-forming galaxies (e.g., Pastorello et al. 2015c) , the strengths of α-element spectral features and the detection of a pre-SN eruption in SN 2006jc, which is supportive of a massive progenitor. For all this, Type Ibn SNe are most likely core-collapse events. However, since the energy released in the radioactive decays alone cannot comfortably explain their observed evolution, alternative/additional powering mechanisms (including CSMejecta interaction) may provide more plausible explanations for the properties of SN 2014av and other Type Ibn SNe, as proposed by Chugai (2009) .
SPECTRAL CHARACTERIZATION OF TYPE IBN SUPERNOVAE

He I line velocity evolution
As discussed above and in other recent papers in the literature, SNe Ibn display a very wide range of observed properties. This is not in contrast with expectations, as wide heterogeneity in the observable is also observed -for example -in Type IIn SNe. The physical parameters of SNe Ibn strongly depend on the geometry, the composition, and the density profile of the CSM, along with the mass and the composition of the residual stellar envelope at the time of the terminal SN explosion. A method to constrain the properties of the stellar wind and the nature of the line emitting regions is studying the evolution of the velocity of the spectral lines. Spectra of SNe interacting with a CSM (such as Type IIn and Type Ibn events) show lines with multiple-width components. These are though to be produced in different gas regions (Chevalier & Fransson 1985 Chugai & Danziger 1994; Chugai 1997) . Multiple components in the spectral lines, in fact, indicate that the emitting materials move at different velocities. Narrow lines (with velocities from a few hundreds to 2000 km s −1 ) likely generate in slowly expanding, photo-ionized material. Very likely, this gas is un-shocked CSM produced by the progenitor star before exploding as a SN. More controversial is the location of intermediate to broad components (from a few thousands to ∼ 10 4 km s −1 ): they can either be produced in a gas interface between two shock fronts (forward and reverse shocks), or in the freely expanding SN ejecta.
In SNe Ibn, hence, the study of the line profiles provides insights on the the velocity of the emitting material, and gives key information on the mass-loss history of the SN progenitors. When a clear P-Cygni profile is identified, the velocity of the He-rich expanding material is obtained by measuring the position of the core of the blue-shifted absorption. When this component is not detected, the velocity is estimated through the FWHM of the strongest He I emission lines, obtained after deblending the full line profile with Gaussian fits.
The evolution of the narrow components of the He I lines for the entire SN sample is shown in Figure 9 , that of the intermediate-width components is shown in Figure  10 . As velocities are measured from spectra available in the literature, in some cases only modest S/N spectra are available. This explains the large error bars occasionally shown in the figures. The velocities of the narrow He I component in SN 2011hw spectra are measured from the spectra published in Pastorello et al. (2015b) , with the exception of two points in Figure 9 , where we report measures performed by on moderate resolution spectra. For SN 2006jc, the spectra are taken from Pastorello et al. (2007 Pastorello et al. ( , 2008a and Anupama et al. (2009) . A summary with the main outcomes from our inspection of the above SN spectra is reported in Table 7 .
Narrow He I line components
The width of the narrow line components provides key information on the velocity of the unshocked He-rich CSM, and hence allows us to directly probe the pre-SN stellar wind. The temporal evolution of the velocity of the narrow He I line components is shown in Figure 9 . When narrow components are not resolved in the spectra, we report in the figure only the resolution limits. First of all, for most objects we note a very modest, if any, evolution with time. This is what we expect from an unshocked circumstellar emitting shell.
The most remarkable finding from Figure 9 (see also  Table 7 ) is that the narrowest components observed in the spectra of our Type Ibn SN sample span a wide range of velocities. Objects showing low velocities for the unperturbed CSM are the two transitional type Ibn, viz. SNe 2011hw (200-250 km s −1 ) and 2005la (about 500 s −1 ). In these two cases, an Hα line associated with the SN is also detected, with moderate strength. The identification of H lines along with modest stellar wind velocities (a few hundreds km s −1 ) are compatible with a star which is transitioning between the LBV and the Wolf-Rayet (WNE-type) stages, as proposed by , Pastorello et al. (2008b) and Pastorello et al. (2015b) . Another object showing remarkably small velocities for the narrow CSM He I lines is PS1-12sk, from which a relatively weak intermediate-component Hα (with vF W HM ∼ 1600 km s −1 ) is possibly detected in the post-peak spectra shown by Sanders et al. (2013) (see their figure 6 ).
In most cases (including SN 2014av), the narrow He I components for our spectral sample have velocities around 800-1000 s −1 , while in three cases they widely exceed that value. In fact, SN 1999cq, iPTF13beo and LSQ13ccw show narrow components with P-Cygni profiles with vF W HM ∼ 1900-2300 km s −1 . It is worth noting that two of these three objects have unusual properties, with iPTF13beo showing a double-peaked light curve (Gorbikov et al. 2014) , whilst LSQ13ccw has an extremely fast evolving light curve and some unique spectral features (see discussion in Pastorello et al. 2015c ) with some similarity with the peculiar Type Ib SN 2002bj (Poznanski et al. 2010) . Type Ibn SNe, whose spectra show weak or no trace of H lines, and velocities inferred for the narrow He I lines near or above 1000 km s −1 , most likely should be linked to more evolved Wolf-Rayet progenitors. Figure 10 shows the evolution of the expansion velocities as measured for the intermediate/broad components of the He I lines in our SN sample. The range of velocities for these components is reported in Table 7 . They have velocities which are a factor 4-6 higher than those measured for the narrow components.
Intermediate/broad He I line components
In contrast with the narrow features, the broader components of the He I lines are found to evolve significantly with time. In fact, the evolution of these components depends on the velocity of the ejecta and the density of the interacting material. Their velocities may provide clues for the gas interface between two shock fronts, which also depends on the speed of the expanding SN ejecta. In particular, it is interesting to inspect the evolution of the spectral lines of SN 2010al: at phases around the light curve peak, the velocity inferred from the mimimum of the He I lines is ∼ 1000 km s −1 (Table 7) , consistent with that expected for the unshocked CSM. Thereafter, He I lines become broader with time, increasing to ∼ 4700 km s −1 at about 4 weeks after the light curve peak, and reaching 5800 km s −1 at 1.5 months post-maximum. Broad He I features with P-Cygni profile have been detected in ASASSN-15ed, with velocities of 6000-7000 km s −1 (as inferred from the position of the core of the P-Cygni absorptions). As the SN is a transitional event from Type Ib to Type Ibn, these broad features are likely indicative of the speed of the expanding SN ejecta (Pastorello et al. 2015d ). An increasing velocity of the intermediate/broad He I components is observed in the Type Ibn/IIn SN 2005la, with the gas velocity rising from about 2000 km s −1 soon after discovery to ∼4200 km s −1 about 3 weeks later. However, in some cases, the He I lines become narrower with time (e.g., in SN 2002ao the He I intermediate component decreases its width by a factor 2 in 3 weeks). This is also observed in SN 2014av, although its intermediatevelocity component has a more modest velocity evolution, spanning from 5000 to 4300 km s −1 in about 4 weeks. A similar moderate evolution of the He I intermediate components towards lower velocity values has been observed in SN 2006jc (from 3100 to 1700 km s −1 in about 4 months). All of this suggests a decline in the velocity of the shocked gas regions, which may result from an increased density profile of the CSM gas. More complex is the evolution of the intermediatecomponent velocity of SN 2011hw. It grows from 1900 to 2500 km s −1 during the first month, but then it declines to about 1300 km s −1 at 70 days from the discovery. Again, this peculiar evolution can be ascribed to a complex density profile of the shocked gas region.
Detection of Hα
The detection of Hα (and, eventually, other Balmer lines) is crucial to accurately classify interacting transients. Other ingredients for the classification are the detection of He I lines, and the relative strengths between H and He I features. Although narrow He I emission lines are frequently detected in the spectra of Type IIn SNe 10 , the relative strengths between Hα and the most prominent optical He I lines (in particular λ5876 and λ7065) determines the classification of the transient as a Type IIn, a Type Ibn or even a transitional object between these two SN types.
Balmer H lines are clearly detected in the two transitional Type Ibn/IIn SNe 2005la and 2011hw (Pastorello et al. 2008b (Pastorello et al. , 2015b . In the spectra of these objects, the strength of Hα is comparable with those of the most prominent He I lines. The velocity When a relatively broad P-Cygni absorption was clearly detected for the He I lines, the velocity was estimated from the position of the minimum. When the broad absorption was not detected, the velocity was measured as the FWHM velocity of the intermediate/broad emission components obtained after deblending the He I line profile. Although we are aware that these nonhomogeneous criteria adopted in measuring line velocities may undermine the robustness of the outcomes, this is the best we can do with the available data. With this approach, we may offer for each SN an indicative estimate for the velocity of the fastestmoving detectable gas. evolution inferred for the H lines in SN 2005la is very similar to that of the He I lines. In the early spectra of SN 2005la published by Modjaz et al. (2014) , Hα showed a narrow, marginally resolved (vF W HM ∼ 400 km s −1 ) component, superposed on a broader base with a P-Cygni profile. The velocities deduced for the broader component evolved significantly with time, from about 1400 km s −1 in the spectra close to the explosion epoch, to about 4000 km s −1 in the spectra obtained about 3 weeks later. The highest resolution spectrum of SN 2011hw (Pastorello et al. 2015b) showed an unresolved Hα (vF W HM < 250 km s −1 ) atop of broader wings that followed the velocity evolution observed for the He I lines (shown in Figure 10 ): the velocity of the intermediate Hα component had a non monotonic evolution in the range between 1350 and 2350 km s −1 . However, other Type Ibn events show no prominent H SN lines or, in some cases, the identification of Hα is controversial, with an alternative identification of the feature as C II being plausible. In particular, blends of Hα with C II λ6580 cannot be ruled out in most SNe of our sample, including SN 2014av. In particular, the detection of multiple lines of C II in the spectra of PS1-12sk (Sanders et al. 2013) argued -at least in the case of that object -against the identification of H lines. When the discrimination between Hα and C II λ6580 is problematic, the identification of Hα is indicated as "uncertain" in Table 7 .
Detection of α-element features
The robust detection of lines from heavier elements, in particular α-elements such as O I, Mg II, Ca II and occasionally even Si II, has been confirmed for a number of Type Ibn SNe. In most cases, features from these ions have been observed in emission, with FWHM velocities higher or similar to those of the intermediate-width components of the He I lines (in the range between 2000 and 6000 km s −1 , depending on the SN and its phase).
Relatively broad O I and Mg II lines are frequently detected as strong emission features in the spectra of SNe Ibn. In particular, in SNe 1999cq and 2006jc, O I and Mg II lines are very prominent and with velocities vF W HM ≈ 5000-9000 km s −1 (see, e.g., Matheson et al. 2000; Pastorello et al. 2007 ). These lines are clearly detected also in SN 2014av, though they are narrower than in other SNe Ibn, and with Mg II lines being stronger than O I features. A high relative strength of Mg II vs. O I lines has also been observed in the reddened PSN J07285387+3349106 (Pastorello et al. 2015e ). We note, however, that O I and Mg II lines are weak in other SNe Ibn, including SN 2011hw, PS1-12sk, LSQ13ccw and LSQ12btw. Finally, in a few cases (e.g. in SNe 2000er and 2005la), the non-detection of these lines is ascribed to the early phases of the available spectra.
Also, the detection of the Ca II NIR feature is likely phase dependent, since this triplet is normally observed in spectra obtained a few weeks after the explosion. For this reason, the Ca II NIR remains undetected (or is very weak) in several objects, including SN 2000er, iPTF13beo, LSQ12btw, LSQ13ccw and PS1-12sk.
Less ubiquitous is the identification of Si II in the spectra of Type Ibn SNe. While Si II lines are clearly detected in a few objects (e.g. SNe 1999cq, 2000er, 2006jc LSQ12btw, iPTF13beo) , these are not detected in other SNe of this class, including PS1-12sk, LSQ13ccw, SN 2005la and OGLE-2012-SN-006. Pastorello et al. (2015a) made a preliminary attempt to characterise the host galaxies of the sample of SNe Ibn considered in this paper. All SNe Ibn have been discovered in spiral galaxies, with the remarkable exception of PS1-12sk, which exploded in the outskirts of an elliptical galaxy (Sanders et al. 2013) . 11 Accounting for the great predominance of spiral galaxies among the hosts of SNe Ibn, it is natural to associate this SN type with massive stellar population.
ABOUT THE ENVIRONMENTS AND TYPE IBN SN PROGENITORS
SN 2014av exploded in a spiral (Sb-type) galaxy, the most luminous one ever observed hosting a SN Ibn (MB = −21.8, Pastorello et al. 2015a ). The oxygen abundance inferred at the SN position is about 9.2 (Pastorello et al. 2015a) , suggesting a metal-rich environment. However, other metallicity estimates of Type Ibn SN environments led to different conclusions (see, e.g., Appendix B). Pastorello et al. (2015a) estimated an average metallicity at the SN position of < 12 + log (O/H) > = 8.63 ± 0.42 for the sample, which is not particularly sub-solar, although there is a wide range in the values inferred for individual SNe. Using a smaller sample, Taddia et al. (2015) inferred a slightly lower oxygen abundance, viz. < 12 + log (O/H) > = 8.45 ± 0.10. A large dispersion in the values of the oxygen abundance suggests that metallicity plays a marginal role in producing SNe Ibn.
The detection of a major outburst before the explosion of SN 2006jc (Pastorello et al. 2007; Foley et al. 2007 ) was one of the arguments used to support the association of the SN with an erupting massive Wolf-Rayet star. In other words, the precursor of SN 2006jc was very likely a Wolf-Rayet with a residual LBV-like behaviour. Although direct evidence of similar pre-SN eruptions is still missing in other Type Ibn SNe, the study of the properties of the He-rich CSM presented in this paper (including the constraints on the line velocities and the secure identification of α-elements) supports massive progenitors for most SNe Ibn. However, the observed differences in their photometric and spectroscopic behaviour suggest some heterogeneity in the properties of the progenitor stars. In particular, the evidence of variable signatures of H in the CSM, the fact that the CSM velocities inferred from the narrow He I lines span one order of magnitude (from 200 to 2000 km s −1 , see Figure  9 ) and the variable amount of He still present in the stellar envelope at the moment of the SN explosion indicate that a wide range of sub-types of Wolf-Rayet stars, spanning from the transitional Opfe/WN9 stars to more stripped WC/O types (see , and references therein), can very likely produce Type SNe Ibn SNe. In this context, observations of the transitional WN to WC-type Wolf-Rayet star NaSt1 (also known as Wolf-Rayet 122, Mauerhan et al. 2015) suggest that the binary interaction may favour the transition among Wolf-Rayet sub-types via pre-SN bursts, favouring the heterogeneity in the final Wolf-Rayet properties soon before their core-collapse. Finally, the similarity of -at least -SN Ibn LSQ13ccw with the peculiar SN Ib 2002bj (for which a helium detonation on a white dwarf scenario has been proposed by Poznanski et al. 2010 ) has been mentioned in Pastorello et al. (2015a) .
SUMMARY AND FINAL REMARKS
We have presented optical spectroscopic and photometric data of the recent, well-monitored Type Ibn SN 2014av. The object was discovered a few days before the light-curve maximum, and monitored for 2 months after the peak. Deep preexplosion non-detection limits, along with a few photometric points obtained during the rising phase to the maximum light, allowed us to estimate the explosion epoch with a very small uncertainty to be JD = 2456760.5. SN 2014av is one of the most luminous SNe Ibn in our sample, reaching an absolute magnitude MR = −19.78 and a bolometric luminosity of about 1.8 × 10
43 erg s −1 . Despite the remarkable intrinsic luminosity, it is a relatively fast-evolving transient. In fact, although the rise time to maximum is not extremely short (10.6 days), the post-peak decline is very fast (see Tables 4 and 6 ). The spectra of SN 2014av evolve from showing an almost featureless continuum at early phases, to being dominated by intermediatevelocity He I lines, with relatively broad features from α-elements. These later spectra are characterized by the unusual presence of a multiplicity of Fe II lines showing PCygni profiles. SN 2014av has been compared with other objects classified as Type Ibn events, and -not unexpectedly -we have observed that a large heterogeneity exists among the objects of this class (in analogy with that observed in Type IIn SNe). In particular,
• although most SNe Ibn are luminous (MR << −18), there are rare exceptions of significantly weaker events (such as SN 2005la);
• differences are observed in the photometric evolutionary time-scales, with objects showing extremely fast-evolving light curves (such as that of LSQ13ccw; Pastorello et al. 2015a ) and others with very slow-evolving light curves resembling those of SNe IIn (e.g., OGLE-2012-SN-006; Pastorello et al. 2015c );
• light curves of SNe Ibn may show non-monotonic postpeak declines (see, e.g., the double-peaked light curve of iPTF13beo; Gorbikov et al. 2014 );
• a range of FWHM velocities is observed for the narrow He I line components of SNe Ibn, indicating intrinsic differences in the progenitor wind velocities;
• relatively broad He I components can be detected in Type Ibn SN spectra, suggesting the presence of residual He in the envelope of their progenitor stars;
• in a few cases, SNe Ibn spectra have circumstellar Balmer lines, suggesting the presence of a small and variable fraction of H in the composition of their CSM (Smith et al. 2008; Pastorello et al. 2008b Pastorello et al. , 2015b .
The heterogeneous observed parameters of Type Ibn SNe likely depend on the different pre-explosion configuration and chemical composition of their progenitor systems.
The host of SN 2014av is a luminous (MB = −21.8) Sb-type galaxy. In most cases, the galaxies hosting SNe Ibn are spirals, hence environments with active star formation, with the remarkable exception of PS1-12sk (Sanders et al. 2013 ) that exploded in the outskirts of an elliptical galaxy. For this reason, we favour the association of SN 2014av and other Type Ibn SNe with a massive stellar population. Thus, Wolf-Rayet stars of different sub-types are natural candidates to be the precursors of Type Ibn SNe. As discussed in Pastorello et al. (2015a) , the oxygen abundance at the SN position is super-solar, being about 9.2, the highest in the Type Ibn SN sample. Since most Type Ibn SNe had exploded in environments showing a broad metallicity range (7.8 < 12+log(O/H) < 9.2), metallicity has very likely a marginal role in producing SNe Ibn. 4000 5000 6000 7000 8000 9000 Figure B1 . GTC (Osiris) spectrum of the galaxy hosting SN 2014bk, centered at the location of the SN. 
